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THE NOISE EXPOSURES OF MOBILE MACHINE OPERATORS IN U.S. SURFACE COAL
MINES AND NOISE CONTROL TECHNIQUES

By Roy C. Bartholomae! and William W. Aljoe?

ABSTRACT

The reduction of the noise exposure of
operators of mobile surface mine equip-
ment has been a primary objective of the
Bureau of Mines. Approximately 25,000
mobile equipment operators in U.S. sur-
face coal mines (45 pct of the operators)
are overexposed to noise. These mobile

loaders, haulers, shovels, draglines,
trucks, scrapers, drills, and motor
graders., Bull-dozers and front—end load-
ers cause about two—thirds of the noise
overexposures, The most cost-effective
operator noise exposure control was de-

termined to be acoustical cabs.

machines 1include bulldozers, front-end
INTRODUCTION
Many mobile machines used in U.S. sur- was a census of the types and number of
face coal mines produce noise levels mobile machines in surface coal mines
higher than those permitted by the Fed- (l).3 This project involved measurements

eral Coal Mine Health and Safety Act of
1969 (Public Law 91-173) and the Federal
Mine Safety and Health Amendments Act of
1977 (Public Law 95-164). Recognizing
this problem, the Bureau sponsored proj—
ects to identify and control noise levels
from these machines. The first project

MACHINE

Results from a combination of question-
naires and extrapolations show there were
approximately 38,500 mobile machines in
use at U.S. surface coal mines in 1977.
Extrapolations were required because al-
though a questionnaire was mailed to
every mine address on Mine Safety and
Health Administration (MSHA) and Bureau
lists, not all mines responded. Two
methods of extrapolation were used inde-
pendently; one was based on production
and the other was based on survey re-
sponse rate. Both methods yielded com-
parable results (1).

Table 1, which lists the machines in
order of the number in use, shows that
two types dominate, Heavy track dozers

of noise generated by mobile machines and
an estimate of the total operator over-
exposure (2). Cost-effective noise con-
trol techniques were then developed and
proven on bulldozers and front-end load-
ers (3-6).

CENSUS

(2150 hp) are the most numerous, account-
ing for more than 27 pect of all machines.
They are followed by heavy wheel front-
end loaders, which account for more than
16 pct. Together these two types account
for over 43 pct of all machines wused in
surface coal mines. All types of dozers
combined form nearly 30 pct of the total
population, and all types of loaders form
nearly 20 pct, together accounting for
nearly one-half of all machines used in
surface coal mines.

Table 2 lists the predominant manuiac-

turers of each major machine category,
the predominant models in wuse, and the
percentage of these models in each cate-

gory. For example, the table shows that

1Supervisory electrical engineer.
2Mining engineer, Pittsburgh Research
Center, Bureau of Mines, Pittsburgh, PA.

3Underlined numbers in parentheses re-
fer to items 1in the list of references
preceding the appendix to this paper.
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TABLE 1. ~ Ranking of machine types on basis of numbers in use

Percent—— Percent—-
Rank| Of Cunu- Machine Rank| Of Cumu- Machine
total| lative total|lative
1..127.3 27.3 |Dozer, track, 2150 hp. 10..| 3.0 90.9 |Scraper.
2..116.4 43.7 |Loader, wheel, >150 hp. 11..} 2.5 93.4 |Loader, wheel, <150 hp.
3..114.6 58.3 |Hauler. 12..] 1.7 95.1 |Dozer, track, <150 hp.
4o 7.6 65.9 |Truck, highway. 13..71 1.3 96.4 |Shovel and dragline,
5..] 7.5 | 73.4 |Shovel and dragline, electric, <30 yd3.
internal combustion 14..] 1.0 | 97.4 |Shovel and dragline,
power, electric »30 yd3.
6..| 4.0 77.4 |Scraper, tandem. 15.. .8 98.2 |Auger, coal, highwall.
7..] 3.8 81.2 |Motor grader. 16.. .8 99 Loader, track.
8..| 3.4 84.6 |Drill, blasthole, with- 17.. 5 99.5 |Dozer, wheel.
out cab. 18.. .3 99.8 |Drill, coring, truck-
9..| 3.3 87.9 |Drill, blasthole, with mounted.
cab.

TABLE 2. - Major machine models in use in U.S. surface coal mines,
by portion of machine type population, percent

Machine type and | Model Machine type and | Model Machine type and | Model
manufacturer manufacturer manufacturer
Dozer: Shovel——-Con. Scraper:
Caterpillar...| D9 47 Northwest..... | 800 4 Caterpillar... 637 18
D8 17 All 9 631 12
All 71 Limaseeesesses | All 8 657 7
International. | TD25 |11 Manitowoc.....| 3500 4 All 55
A1l 12 All 8 TereXeeasesoes T524 |16
Allis—-Chalmers | All 7 Dragline: All 25
Loader: Manitowoc..... | 4600 (13 Euclidesveeasss All 5
Caterpillar...| 988 18 4500 | 8 Blasthole drill:
992 19 All 25 Gardner-Denver RDC16} 10
All |46 Bucyrus-Erie.. | 88B 9 All 15
Hough..evevooe | All 13 All 25 Bucyrus—-Erie.. 50R 5
Michigan...... | All 13 Lima...eeuaseee | 2400 {13 All 14
International. | All 6 All 18 Chicago
Hauler: Marion....e... | All 12 Pneumatic.... 650 9
Euclide.ooso.a | All 32 Pageeeeeesssas | All 9 All 13
Caterpillar...| 773 10 || Highway truck: Robbins....... All 13
All 18 Fordeee.es.... | F100 4 Ingersoll-Rand | All 11
Wabcoseeoosass | All 12 F600 4 || Grader:
International. | All 10 All |28 Caterpillar... 12 28
Mackeseeoooaos | ALl 8 Mackeseessasss | 600 4 16 22
Darteveceessss | All 5 685 3 14 16
Shovel: All 18 All 72
Bucyrus—Erie.. | All 26 General Motors | All 12 GalioDecvseose All 12
Marion...e.... | All 19 Chevrolet..... | All 11
Lorain.seess.q | All 11 International. | All 10
Whiteseosseoaa | All 8

NOTE.——All refers

to all of the manufacturer's

models in use.



Caterpillar dominates the dozer category:
Caterpillar manufactures 71 pct of all
dozers used in surface coal mines, 47 pct

of which are Caterpillar model D9.
Caterpillar also manufactures 46 pct of
all front-end loaders used in surface

coal mines, 18 pct of which are Caterpil-
lar model 988,

An obvious first step in reducing noise
exposure is the use of operator cabs,
Table 3 gives the percentages of machines
that have cabs, the size of the mine in
which the machine is operated, and
whether the cab has any form of noise
control (acoustical) treatment. As the
table shows, 70 pct of all machines have
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Mobile Equipment Noise
and Operator Exposure

A major objective of the research was
the calculation of the noise exposure of
operators of various machines (see refer-
ence 2 for detailed discussion). For
this «calculation, independent estimates
were made of the average working noise
level and the time of operation (see ap-
pendix to this paper). The average work-
ing noise level was defined as that con-
stant noise level that, if present during
the entire work cycle, would result in
the same noise exposure, or dose, result-
ing from fluctuating noise levels that
actually occur. Computation of the aver-

cabs, nearly one-half of these machines age working noise 1level requires the
with cabs have some kind of acoustical typical work cycle to be divided into a
treatment, and there are more cabs in number of events, each of which can be
large mines than in small mines. In ad- defined in terms of a typical noise level
dition, there are more acoustically and percentage of the work cycle; for
treated cabs on newer machines than on example, for a dozer, the typical work
older equipment; acoustically treated cycle consists of dozing, transporting,
cabs came into significant use between and backing. It is equivalent to the
1969 and 1972. level read from a noise dosimeter
measuring noise over one work cycle.
TABLE 3. - Machines with cabs, by mine size, percent
Machine Any cab Acoustical cab
Large! | Small? | A1l | Large' | SmallZ | All
Dozer, track, 2150 hpeveciesescescacanse 58 57 57 35 29 32
Loader, wheel, 2150 hpesuesvocsocooses 67 70 62 44 44 44
Hauler...oeeeeoeoroncsocssessnesnseasea 25 86 93 57 34 53
Truck, highwWwayseeeeesososesasssacosnsss 97 92 96 5 10 7
Shovel and dragline, internal combus-

Li0N POWET.eessveosresrseossvssnaasncnse 85 83 78 33 19 26
Scraper, tandeM.ieceasrassecssessncsacss 62 52 60 30 15 26
MOtor grader.scseeesccessessvsascccnna 60 64 61 32 30 32
Drill, blasthole.sesssesescsssssssasss 50 50 50 22 18 22
SCraApPeYeseeracsansosssescasssosscsasnss 53 27 47 24 8 21
Loader, wheel, <150 hp.ieevececassvens 61 56 59 41 26 35
Shovel and dragline, electric:

€30 YA eetitenntennnniiinnatenenanes 91 80 89 59 25 54
330 A2t eteeetnenennennernnnanrancns 89 60 86 62 30 58
Dozer, track, 150 hp.ieeeesscersassnces 63 45 57 36 29 28
Auger, coal, highwall...eesevesvsccnes 18 18 18 3 2 2
Loader, trackecsesessesscocesscesssoses 65 41 50 27 15 20
Dozer, Wheel.veveeoseoessosecseconenee 83 50 81 56 50 55
Drill, coring, truck mounted....eecs.. 46 50 47 0 17 3
Total machine populationecsseesss 72 60 70 37 30 34

13100,000-t/yr production.

24100,000-t/yr production.
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Data
machine
lengths

on machinery noise, work cycles,
usage  duratioms, and shift
were collected during wvisits to
nine mines that included both 1large and
small operations, located in the Appa-
lachian, Midwestern, and Western regions.
Data on the noise and work cycles of over
80 individual machines were obtained by

direct measurement, and these data were
supplemented by information extracted
from interviews with mine personnel.

Additional data were gathered from study
reports made available by some mines,
from the literature, and from a sample of
records submitted by mine operators to
one of the MSHA district offices.

Operator exposures were evaluated on
the basis of the most reliable data
available. Where possible, noise data

measured in this program were used. For
machine types for which information was
inadequate, estimates were based on data
in the 1literature of the MSHA records.
Daily exposure durations were taken di-
rectly from the MSHA data.

Table 4 shows the mean values and stan—
dard deviations of the average working
noise levels of the operators of various
machines, daily operator exposure dura-
tions, and the probabilities of operator
over—exposure, A distinction is made to
the extent allowed by available data be-
tween machines with no cabs, conventional
cabs, and acoustical cabs.

The overexposure probabilities indicate
the fractions of the total operator popu-
lation that suffer overexposure according
to the given criteria. These probabili-
ties provide no information about how
often (what fraction of the time) the ex-
posure of the operator of a given
machine exceeds the permissible 1limit.
These overexposure probabilities are
given for two criteria. The first cri-
terion is a regulation specified in the
Coal Mine Health and Safety Act of 1969,
which permits exposure to 90 dBA for a
maximum of 8 h per day and prescribes a
reduction by a factor of 2 in the permis-
sible daily exposure duration time for
each 5-dBA noise level increment above
90 dBA. The second, more stringent,

criterion permits exposure to 85 dBA for
a maximum of 8 h per day and again pre-
scribes an exposure duration time reduc-
tion by a factor of 2 for each 5-dBA in-
crement above 85 dBA.

As shown in table 4, operators of heavy
track dozers without cabs are exposed to
mean working noise levels of 103 dBA for
a mean of 6 h per day. The last two col-
umns of the table show that 96 pct of the
opera—-tors of dozers without cabs in sur-
face coal mines are overexposed to noise,
according to the current Federal regula-
tiomns. If the 5-dBA reduced threshold
criterion is adopted, 99 pct of the oper-
ators are overexposed. The procedure for
calculating the overexposure probability
is given in reference 2.

Table 4 also shows that when cabs——
particularly cabs with noise control
treatments~—are used on any type of ma-
chine, they decrease both working noise
levels and the probability of overexpo-
sure.

For each of the various types of ma-
chines used in U.S. surface coal mines,
table 5 shows the total number of ma-
chines in wuse (based on projections
developed from the census data), the
average number of people operating each
machine per day (based on the average
number of daily shifts the machines are
in use, according to the machine census),
and the number of operators in all U.S.
surface coal mines who may be expected to
be overexposed (according to both the
current criterion and the more stringent
criterion). The table also shows the
percentages of the total number of opera-
tors (approximately 56,200) who suffer
overexposure.

This table gives two important statis-
tics. According to the present criteri-
on, over 25,000 operators, or nearly 45
pct of all mobile machine operators in
U.S. surface coal mines, are overexposed
to noise. With the more stringent cri-
terion, the number of operators over-
exposed to noise increases to over
37,000, or more than 66 pct of the entire
operator population.
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TABLE 4. - Noise exposure of machine operators

(Average working noise level based on reference 2 and verified mine data,
except as otherwise noted; values are rounded to nearest 0.5 dBA).

Average working Daily exposure Criterion
Machine Cab'| noise level, dBA duration, h?
Mean Standard Mean| Standard Pres—| 5-dBA-more
deviation? deviationd | ent? |stringent’
Dozer, track: .
2150 Bpsveeseoecscncannes N 103 1.5 96 99
C 98.5 3.0 6.0 2.8 88 96
A 92.6 4.5 49 80
<150 Bpesececsccsennace T L9y L3.5 5.7 3.5 57 83
Dozer, wheel.veeseseeenas | N ©96 °5.0 | 55 81
C 96.5 2.0 4.2 2.0 65 90
A 92 6.0 32 60
Loader, wheel: ‘
3150 BPeveveeeneneeenes| N 94.5 1.5 74 93
C 93.5 5.0 6.3 3.0 56 82
A 84.6 4,5 5.9 29
<150 hpesesesesosaaases| T V97 13,0 5.9 3.2 79 93
Loader, track...eoeeesass| T tg1.5| L.%4.0 5.5 3.8 37 69
Haulerieeeeseoesnesonnnns T 88.5 4.5 6.1 2.5 23 57
Truck, highway..ceesseee.| T €85 °5.0 3.6 2.0 2.6 14
Scraper:
TandeéM..e.oveseecesnseaes | N €92 ®7.0 44 69
C 91.5 7.0 5.6 2.3 41 67
A 85 .5 0 14
Singleseieesvavecenrnnes| N °96 ®5.0 69 89
C 95.5 3.5 5.8 2.6 71 92
A 91 €5.0 37 69
Motor gradereeeeeesseeess| N °96 °5.0 62 84
C 195.8 4.0 5.1 3.1 64 86
A 86.5 5.0 11 35
Shovel and dragline:
Electric:
230 yd3.eitieevaneeas| T 77.5 6.5 5.3 1.5 1.2 6.2
<30 yd2.iieenrennesaa| T 86 4.0 5.8 2.3 6.7 35
Internal combustion
POWELeeesooeasscannses T 91 6.5 5.9 3.7 38 64
Drili:
Blasthole.eeeeoseseaneas N 90 2.0 5.6 2.5 20 70
C 85 5.0 5.1 2.7 7.2 27
A 83 3.0 5.1 2.7 o2 7.8
Coring.eeeeeceeoscceenanss| T €87 ¢5.0 5.4 2.8 14 40
AUZeTueeervecesansassnssas| T |9:M95 5.0 4.1 2.0 48 76
®Estimated. IIncludes literature data. L

From literature. MIncludes MSHA data.

IA, acoustical cab; C, nonacoustical cab; N, no cab; T, all conditions.

2Rounded to nearest 0,1 h.

3About 70 pct of all values may be expected to fall within 1 standard deviation be-
low and above the mean.

485 dBA permissible for 8 h daily; a reduction factor of 2 in the permissible daily
exgosure for each 5-dBA increase above 90 dBA.

85 dBA permissible for 8 h daily; a reduction factor of 2 in the permissible daily
exposure for each 5~dBA increase above 85 dBA.
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TABLE 5. - Projected number of machines and overexposed operators in
U.S. surface coal mines (g)

(Projected total number of operators--56,226)

Number Operators Overexposed operators
Machine Cab'|of ma- per machine Present 5-dBA-more-strin—
chines? per day,? criterion? gent criterion?
average No. pct No. pct
Dozer, track:
2150 Npececececsnnssncnss N | 4,551 6,816 | 12.1 7,028 12.6
C| 2,648 1.56 3,635 6.5 3,966 7.1
A | 3,447 2,635 | 4.7 4,302 7.7
<150 Bpesesscensoassoansne T 584 1.34 446 .8 649 1.2
Dozer, wheel,veeoeescennses N 24 25 <.,1 37 .1
c 32 1.92 40 .1 55 .1
A 71 44 .1 82 .1
Loader, wheel:
2150 hpesieeecencnoaanans N | 2,149 2,163 3.8 2,718 4.8
C 1,661 1.36 1,265 2.2 1,852 3.3
A} 2,991 240 iy 1,179 2.1
<150 hpeceeeecescnacncenss T 1,033 1.30 1,061 1.9 1,249 2.2
Loader, track.eeeieeiecenns T 411 1.13 172 .3 320 .6
Hauler.oisieevoasveesnsocsnns T 5,620 1.52 1,965 3.5 4,869 8.7
Truck, highWay.eseeeseoeoes T 2,939 1.25 95 .2 514 .9
Scraper:
Tandem, csseecsecncssnsses N 462 299 .5 469 .8
C 393 1.47 237 A 387 .7
A 310 0 <.,1 64 .1
Single.eeseceossoscceosses N 486 446 .8 575 1.0
c 252 1.33 238 A 308 .5
A 197 97 o2 181 .3
Motor graderl.eeeesescescans N 549 405 o7 549 1.0
C 411 1.19 313 .6 421 .7
A 450 59 .1 187 .3
Shovel and dragline:
Electric:
230 yd2 . iiiiiiiiiinaenn T 234 3.14 9| <.1 46 .1
<30 yA2eittnnnnninnanns T 334 2.20 49 .1 257 .5
Internal combustion power T 3,273 1.45 1,803 3.2 3,037 5.4
Drill:
Blasthole.vsiveerneeenanns N 1,316 1.20 316 .6 1,105 2.0
C 721 1.75 91 .2 341 .6
A 558 1.75 2 <,1 76 .1
COringeevecssencenssessne T 109 1.47 22 <,1 64 .1
AUger.cisoesencsssosssnnsns T 323 1.53 237 .4 376 .7
Total or average......| NAp | 38,539 1.46 25,2251 44.9 37,263 | 66.3

NAp Not applicable.

‘A, acoustical cab; C, nonacoustical cab; N, no cab; T, all conditions.

ZReference 1.

385 dBA permissible for 8 h daily; a reduction factor of 2 in permissible daily ex-
posure for each 5-dBA increase above 90 dBA.

485 dBA permissible for 8 h daily; a reduction factor of 2 in permissible daily ex-
posure for each 5-dBA increase above 85 dBA.



Table 5 also shows that all types of
dozers together are responsible for over-
exposure of over 13,600, or over 24 pct
of all surface mine operators; that is,
dozers contribute more than 50 pct of all
noise overexposures. Loaders, in turn,
overexpose more than 4,900 operators, or
8.6 pct of all surface mine operators,
and they account for slightly 1less than
19 pct of all noise overexposures.

The next most significant
lag far behind dozers and loaders. They
are haulers, which overexpose nearly
2,000 operators (3.5 pct of all opera-
tors, 8 pct of all overexposed operators)
and diesel-powered shovels and draglines,
which overexpose about 1,800 operators

categories
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(3.2 pct of all operators, 6 pct of all
overexposed operators).

Two facts should be noted, because they
have a bearing on the over-exposures
shown in table 5. Most of the overexpo-
sure associated with haulers results from
haulers being operated with open windows;

haulers whose noise 1is measured with
their windows closed rarely present a
noise overexposure problem. Similarly,

the data base for shovels and draglines
powered by internal combustion engines is
biased toward older models because newer
models tend to be much quieter. As a re-
sult, the overexposures indicated for
haulers and for shovels and draglines may
be overestimated.

NOISE CONTROLS

The extent of operator overexposure,
the types of mobile machines responsible
for that overexposure, and the results of
the first study, were published in a Bu-
reau report (1). As a result of this
study, the Bureau sponsored research to
prove cost—effective retrofit noise con-
trol technology for surface mobile equip-
ment., Because bulldozers and front-—-end
loaders are responsible for approximately
two—thirds of the noise overexposure
problem, they were chosen as representa-

tive machines for this project. Descrip-
tion of this project is prefaced by a
general discussion of noise control

techniques——the tools of noise control.

Major Sources and Paths

In general, the noise from any one
source reaches the ear via several paths,
both directly, by airborne paths, and in-
directly, by reflections from various
surfaces, In addition, sound in the form
of vibration may travel along or through
structures,

In diesel-powered mining equipment, the
engine is generally a major source of
noise, Engine noise may come from the
exhaust, the intake, and the casing (that
is, the block and accessories attached to
it)-—as well as the cooling fan--often a

significant noise source, The trans-—
mission, drive train, and hydraulic sys-
tem also tend to be significant noise
sources.

Noise radiated from the various sources
may reach the operator by propagating
through the air, directly or by reflec-
tions. In addition, vibrations produced
by the engine and other mechanical com-
ponents, as well as structural vibrations
caused by sounds, tend to propagate along
machine structures, thus causing these
structures to radiate sound.

The relative importance of the various
noise sources and paths differs for dif-
ferent machine types and models. How-
ever, one fact is basic for all machines:
Just as repair of small holes in a leak-
ing roof is useless if large holes are
left open, reducing the noise of lesser
sources and paths has practically no ef-
fect on a worker's exposure unless the
contributions from the major sources and
paths are reduced. In addition, it does
not usually make sense to spend the money
to quiet dominant sources and paths to
the point where their contributions are
far below those of the lesser sources and
paths. Overquieting is both impractical
and costly.
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Noise Reduction of Diesel-Powered
Equipment

In general, the noise exposure of an
operator of a given machine may be re-
duced by blocking the paths of sound be-
tween the important noise sources and the
miner. Usually, for both practical and
economical reasons, the primary noise
sources cannot be modified or replaced
with quieter ones (except relatively
early 1in the development of new ma-
chines). Generally then, the first solu-
tion to a problem of mine machine noise
is blocking the noise paths, both air-
borne and structureborne,

cost effi-
radiation of
as engines or

The effectiveness of such
increases with the mass of
its walls, and effectiveness is greater
if the cab is 1lined with some kind of
acoustically absorptive material. If a
full cab installation would present prob-
lems of cooling or access, partial cabs
or barriers may be used., They tend to be
considerably less effective in noise re-

Cabs generally are the most
cient way to obstruct the
sound from such sources
transmissions.
an enclosure

duction than full cabs because they do
not provide the operator with noise at-
tenuation from all directions, which in-

creases the operator exposure to both
direct and reflected noise. 1In a partial
cab, the noise the operator hears 1is not
passing through it, but traveling around
it, As a result, increasing the mass of

RESULTS OF RETROFIT

The Bureau's surface mining noise con-
trol research program has concentrated on
retrofit acoustical cab treatments for
bulldozers and front-end loaders. Models
of both machine types were selected for
these treatments, based on their overall
popularity in the surface mining indus-
try. The retrofitted dozers and front-
end loaders were field tested in surface
coal mines for a period of about 1.5 yr.
In general, mine operators were satisfied
with the durability and effectiveness of
the noise control treatments.

(an effective way to reduce
in full cabs), usually re-
little noise reduction in par-

the barrier
noise heard
sults in

tial cabs.

Mufflers obstruct the propagation of
sound out of pipes or ducts, primarily by
reflecting some of the sound back toward
the source so that the reflected pressure
waves almost cancel out the outgoling
waves, It is 1important to match engine
exhaust mufflers to the engine, so that
they will be effective acoustically, yet
not produce excessive backpressure, Muf-
flers are commericially available for
almost all pieces of equipment wused in
U.S. surface mines.

One of the most overlooked ways to re-
duce noise levels is machine maintenance.
Table 4 shows a number of machine cate-
gories, such as highway trucks, with
standard deviations of 4 dBA or more.
This 1is a significantly large variation
between the noise of one machine and
another in the same category. There
could be several reasons, of course, but
experience has shown that a major contri-
bution is the state of repair of the in-
dividual machine, Are the seals tight?
Are all windows in place? Is the air
conditioner working so the operator will
not need to open the windows (letting in
air and also noise)? Are the floormats
in place? Proper maintenance of the
machine is a must for successful noise
control.

NOISE CONTROL PROGRAM

Detailed fabrication manuals, contain-
ing photographs and illustrations that
show how the noise control treatments
were 1installed, have been prepared for
both bulldozers (4) and front—end load-
ers (6). Numerous Bureau-sponsored work-—
shops were held throughout the country to
provide equipment users with a closer
look at the retrofit process. Most of
the workshop attendees found them bene-

ficial, and many equipment users have
since applied the noise control treat-
ments to their own bulldozers and front-

end loaders.



Bulldozers

A breakdown of the 1977 bulldozer pop-
ulation in U.S. surface mines (table 6)
shows that the Caterpillar model D9 was
by far the most popular model, comprising
47 pct of the population (1). For this
reason, the Bureau treated two different
varieties of D9 dozers, one with only a
ROPS-FOPS structure4 and one with a com—
plete (but not acoustical) cab. To show
that retrofit noise control treatments
could also be applied successfully to
another manufacturer's bulldozer, an In-
ternational Harvester model TD-25C ma-—
chine (ROPS-FOPS only) was also treated.

TABLE 6, — Total bulldozer population
by machine model, U.S. surface
mines, 1977, pct

Caterpillar D9.eeeveevncocsneeans &7
Caterpillar D8.ssvacscesssssassss L7
International Harvester TD-25.... 11
All OtherSueesesecvssccsoscosneses 23

Although the design details of the
three machines were somewhat different,
the same four basic treatments were used:
(1) installing a muffler on the diesel

engine exhaust, (2) sealing numerous
holes in the floor and dashboard of the
operator's station, (3) adding sound-

absorbing materials wunder the ROPS-FOPS

4rOPS, rollover protective structure;
FOPS, falling object protective struc-
ture. Modifications to ROPS-FOPS must be
approved and performed by qualified peo-
ple. Also, flame resistant materials
should be used.
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structure and under the cover of the
hydraulic  tank, and (4) installing
vibration—-isolation materials between the
engine and dashboard. In addition, wind-
shields were installed on the two dozers
that originally contained only ROPS-FOPS
structures. These windshields were ex-
tremely important because they blocked
the direct path between the diesel engine
(the largest single noise source on the
machines) and the dozer operators. Seals
were also installed around the doors of
the cab-equipped D9 dozer.

Table 7 summarizes the noise reductions
achieved through the dozer retrofit
treatments, the cost of the acoustical
materials and hardware, and the labor
hours needed to install them. Note that
the operator noise levels after treatment
(89-94 dBA) were low enough to permit 6
to 8 h of daily operating time without
violating Federal noise regulations;
before treatment, only 1 to 2 h of op—
erating time were allowed. The effects
of the individual treatments on the three
machines in table 7 are described.

Caterpillar D-9G With ROPS-Fops Only

Figure 1 is a photograph of the treated
dozer, and figure 2 shows the seven major
components of the retrofit noise control
package. Diagnostic tests of the un-
treated dozer indicated that the wind-
shield would be the single most effective
noise control treatment, followed by the
ROPS-FOPS canopy absorption and the en-
gine exhaust muffler; therefore, these
three treatments were installed first.

TABLE 7. - Summary of results of bulldozer retrofit noise control treatments

Caterpillar D-9G International Harvester TD-
ROPS-FOPS only | With cab 25C, ROPS-FOPS only

Operator noise level, dBA:

Before treatment..eeseecsces 105 199-2100 102

After treatment.cceescescnss 94 289-19) 91
Noise reduction.essseesss.dBA,. 11 9-11 11
1978 material COStSesssssscsse $825 $725 $912
Labor hOUrS..e.eseeecessccanes 106 88 80

Tcab doors open. 2Cab doors closed.
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Figure 3 shows how the
level decreased as each of the seven
treatments was added. The overall noise
reduction was 11 dBA, but the reduction
obtained through one treatment depended
on the presence of the previous treat-
ments. For example, the windshield alone
would have reduced the noise by about 4
dBA, the canopy absorption alone would
have reduced the noise by about 3 dBA,
and the exhaust muffler alone would have
reduced the noise by about 1.5 dBA. The
remaining treatments would have had a
negligible effect on operator mnoise if
the windshield, canopy absorption, and
muffler had not been installed; there-
fore, these three treatments were by far
the most important components of the
retrofit package. Table 8 summarizes the
material costs and labor hours associated
with each component of the package.

operator noise

FIGURE 1. - Caterpillar D-9G bulldozer (ROPS-FOPS only) with retrofit noise control treatments.

Caterpillar D-9G With Cab

Figure 4 shows the six major components
of the retrofit mnoise control package
applied to the cab-equipped D=-9G dozer.
This machine already had a relatively new
muffler, so none was 1installed; however,
this would ordinarily have been included
in the package. Since a windshield was
already a part of the cab, the simpler
cab wall seal treatment replaced the
windshield treatment required for the D-
9G dozer with ROPS FOPS only. The in-
terior walls of the cab were treated with
the same sound-absorbing materials as the
underside of the canopy. Note in table 7
that the operator noise level in the un-
treated cab was higher when the doors
were closed than when they were open;
this occurred because the untreated doors
tended to rattle in their sockets when



FOPS canopy absorption

Seat seals

Hydraulic valve
cover and tank

seal "j .

Dashboard seals\;r
and vibration -2
isolation

Floormat and seals

FIGURE 2. - Noise control treatments installed
on Caterpillar D-9G bulldozer (ROPS-FOPS only).

the door seals
operator noise
the doors

they were closed. After
were added, however, the
exposure level was lower when
were closed.

Figure 5 shows how the operator noise
level decreased as the treatments were
added (11-dBA total reduction, cab doors
closed). As with the D-9G dozer with
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FIGURE 3. - Step-by-step noise reduction
treatments of Caterpillar D-9G bulldozer.

ROPS-FOPS
each stage

only, the noise reduction at

of treatment depended on the
presence of the previously installed
treatments. Table 9 summarizes the ma-
terial costs and labor hours associated
with each component of the package. Note
that the cost of a muffler (although not
needed on this particular machine) is al-
s0 included in table 9.

TABLE 8. - Summary of material and labor costs for noise control package on
Caterpillar D9G dozer with ROPS-FOPS only

1978 ma- Labor! 1978 ma- Labor!
Treatment terial |Weld-| Me- Treatment terial |Weld-| Me-—
costs? er chanic costs? er chanic
Windshieldeeieoeneo $275 29 16 Seat SealSeecescsses $55 NAp 8
FOPS canopy Hydraulic valve
absorption...c..... 115 4 10 cover and tank
Exhaust muffler.... 190 NAp 2 S€aliectescrannens 80 4 16
Dashboard seals-vi- Miscellaneous items 5 2 2
bration isolation. 25 1 4 Totaleeeeeonee 825 40 66
Floormat and seals. 80 NAp 8

NAp Not applicable.

lEstimated worker-hours.

Zppproximate.
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TABLE 9. — Summary of material and labor costs for noise control package on

Caterpillar D9G dozer with cab

1978 ma- Labor! 1978 ma- Labor !
Treatment terial |(Weld-| Me- Treatment terial |Weld-| Me~
costs? er chanic costs? er chanic
FOPS canopy Dashboard seals-vi-
absorption..cses.s $150 4 8 bration isolation. $25 2 4
Cab wall sealS..... 75 2 22 Miscellaneous items 5 2 2
Floormat and seals. 80 2 8 Subtotal.ceesens 535 16 72
Seat and hydraulic Muffler.icececescees 190 NAp 2
valve sealS.ceesss 105 4 12 Grand total... 725 16 74
Sound absorption on
cab surfaceS.eess. 95 NAp 16
NAp Not applicable. lEstimated worker-hours. 2Approximate.
International Harvester TD-25C With biggest difference between the retrofit

ROPS-FOPS Only

Figure 6 shows the major components of
the retrofit noise control package for
the TD-25C dozer. Since the manufacturer
had already installed an exhaust muffler
on this machine, none was needed; how-
ever, a muffler would have to be in-
stalled if none were present. Figure 7
shows how the operator noise 1level de-
creased as the treatments were added (11-
dBA total reduction), and table 10 sum-
marizes the material costs and labor
hours associated with each component of
the package.

Comparison of tables 10 and 8 shows
that the cost of the windshield was the

Seat and hydraulic

FOPS canopy absorption valve seals

Dashboard seals and
vibration isolation

Sound absorption on
cab interior -

Cab wall seals

FIGURE 4, - Noise control treatments on cab-
equipped Caterpillar D-9G bulldozer.

packages for the International Harvester
TD-25C and the Caterpillar D-9G with
ROPS-FOPS structures. More materials and
labor were needed for the TD-25C wind-

shield because it was 1larger and more
difficult to fabricate, but it provided
more noise reduction (5 versus 4 dBA)
than the D-9G windshield. As with the
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TREATMENT

FIGURE 5. - Step-by-step noise reduction treat-
ments of cab equipped Caterpillar D-9G bulldozer.
Note that because this dozer was already equipped
with a relatively new muffler, the treatments do
not include installation of a new muffler. How-
ever, an effective muffler should be part of any
noise control freatment if the machine has no mut-
fler as the existing muffler is badly rusted.



31

TABLE 10. - Summary of material and labor costs for noise control package on
International Harvester TD-25C bulldozer with ROPS-FOPS only

1978 ma- Labor! 1978 ma- Labor!
Treatment terial |Weld-| Me- Treatment terial |Weld-| Me-
costs? er chanic costs? er chanic
Windshield..veooene $537 8 53 Seat seals, hydrau-
FOPS canopy lic box seal.csass $150 0.5 7.5
absorption..ceeesss 182 1 8 Totaleseeoases 912 9.5 70.5
Floormat.esseosessssns 43 NAp 2 Option: Dashboard
barrier seal...... 400 NAp 7

NAp Not applicable.

other two bulldozers, the noise reduc-
tions achieved with individual treatments
on the TD-25C depended on the presence of
the other treatments. The windshield and
the ROPS-FOPS canopy absorption were the
two most important treatments; the others
would have been ineffective without them.
The dashboard barrier was considered to
be an optional treatment because its cost
was high compared to the noise reduction
resulting from its installation.

Front End Loader (5-6)

The front-end loader ranked second to
the bulldozer as a "noise offender”
in the surface mining industry (1).

Although about 40 pct of the 1loaders

ROPS canopy absorption
Windshietd

Hydraulic box seals

FIGURE 6. - Noise control treatments installed
on International Harvester TD-25C bulldozer.

Estimated worker-hours.

2Approximate.

identified during the 1977 census were
equipped with factory-designed acoustical
cabs; the remaining 60 pct required some
type of retrofit noise control treatment.
The Bureau chose two of the most popular
loader models for the retrofit program--a
Caterpillar 988 and an International Har-

vester H-400 B. Both machines had non-
acoustical operator cabs; this made the
retrofit treatments easier to 1install

than if they had equipped only with ROPS-
FOPS structures,

The treatments themselves were simi-

lar to those installed on the cab
equipped bulldozer: (1) exhaust muf-
flers, (2) seals around openings in the

cab walls, doors, seats, and floors, and
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FIGURE 7. - Step-by-step noisereduction treat-
ments of Internationa! Harvester TD-25C bulldozer.
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(3) sound-absorbing materials on all the
interior cab surfaces, including the can-
opies. Table 11 summarizes the noise re-
ductions, material costs, and labor hours
associated with the retrofit treatments,
As with the cab-equipped bulldozer, the
noise levels in the untreated loader cabs
were the same or greater when the doors
were closed than when they were open, due

table 11 because the loaders already had
mufflers. If mufflers had not been pres-—
ent, they would have been essential com-
ponents of the noise control packages.

Figures 8 and 9 and table 12 describe
the retrofit package on the Caterpillar
988 1loader; figures 10 and 11 and table
13 do the same for the International H-

to the

doors rattling in

their

sockets.

After treatment, however, the loader cabs

were quieter when the doors

were closed.

400 B. As with

the bulldozer

packages, the effectiveness of
treatment depended

cessive noise control

retrofit

each suc-—

Note also that the costs of installing on the presence of previous treatments.
exhaust mufflers are not included 1in
TABLE 11. - Summary of results of front—end loader retrofit noise

control treatments

Caterpillar 988

Operator noise level, dBA:

Before treatment.ceececececcecnssss
After treatment.....cceceececeecocas
Noise reduction..ceececseseess.dBA..

1978 material costs?

Labor hourS.eeceeeesececscccesosoas

199-2101
290-191

International Harvester H-400 B
1,295
2g3-1g7
211 212
$410 $580
29 19

'Cab doors open,

2Cab doors closed.

3Not including exhaust muffler.

TABLE 12. — Summary of material and labor costs for noise control package on
Caterpillar 988 front-end loader

1978 ma-| Labor,' 1978 ma- | Labor,'
Treatment terial |mechanic Treatment terial mechanic
costs? costs?
Canopy wall sealS.sess. $58 7 Additional sound ab-
Canopy and rear cab sorption on cab
wall sound absorption 200 8 interiorececcesecees $63 5
FlooTmatesesssscoosses 39 3 Totaleeoeesoanens 410 29
Pedestal sealS..eevces 50 6
'Estimated worker-hours. 2Approximate.
TABLE 13. - Summary of material and labor costs for noise control package on
International Harvester H-400B front-end loader
1978 ma~| Labor,' 1978 ma- Labor, !
Treatment terial |mechanic Treatment terial mechanic
costs? costs?
Cab wall sealSeecessoss $138 8 Floormat.eeeosssocone $49 3
Cab sound absorption.. 393 8 Totaleeeeoesnnso 580 19

'Estimated worker-hours.

2Approximate.
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FIGURE 8. - Noise control treatments installed
on Caterpillar 988 front-end loader.
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FIGURE 9. - Step-by-step noise reduction treat-
ments of Caterpillar 988 front-end loader.

CONCLUSIONS

The noise exposure of U.S. surface coal
miners was evaluated. A 1977 study indi-
cated that over 25,000 mobile machine op-
erators (nearly 45 pct of the approxi-
mately 56,200 operators) were overexposed
to noise according to the criterion spe-
cified in the Federal Coal Mine Health
and Safety Act of 1969 and subsequent
amendments of 1977.5

51t is
mines (coal and metal and
over 50,000 mobile machine
overexposed to noise,

estimated that for all surface
nonmetal) that
operators are

Heavy track dozers were the 1largest
contributors, responsible for 54 pct of
the overexposure, and rubber-tired front-
end loaders were second in importance,
contributing to 19 pct of the overexpo-
sure, On the basis of these results, the
Bureau selected bulldozers and front-end
loaders for which to develop and prove
cost-effective retrofit noise control
techniques. Durable cost-effective noise
control techniques were proven and well

documented, which, in general, provide
over 10 dBA of noise reductions at typi-
cal costs of $1,000 in materials and 100
h of 1labor.
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FIGURE 10. - Noise control treatments installed FIGURE 11. - Step-by-step noise reductiontreat-
on International Harvester H-400 B front-end loader. ments of International Harvester.
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APPENDIX A--CALCULATION OF AVERAGE WORKING NOISE LEVEL

The average working noise level is a
useful concept for characterizing the
noise exposure contribution of a given
machine that produces mnonconstant noise
levels. The average working noise level
is defined as the constant noise level
that results in the same noise dose as
the actual nonconstant noise levels, for
the period the machine is operating.

For example, consider a machine that
subjects its operator to a 90-dBA noise
level while it idles and to a 95-dBA lev-
el while it is used at full power; assume
also that the machine operates at idle
for 30 pct of the time it is in use and
at full power 70 pct of the time. Note
from table A-1 that the permissible expo-
sure duration for 90 dBA is 8 h and for
95 dBA, 4 h. Assuming a total of 7 h of

level producing a noise dose of 1.487,

if it is continuous for 7 h.

The permitted exposure duration, T, in
hours 1s related to the noise dose, D,
and actual exposure duration, C, in hours
as

T = C/D.

Thus, here the permitted duration, T, is
7/1.487 = 4.71 h. From the values indi-
cated in table A-1, one may observe that
the average working noise level is be-
tween 92 and 95 dBA. The exact value of
93.8 dBA can be calculated from the equa-
tion in the note to table A-1l.

The assumed value of the daily use time
(taken above as 7 h) does not affect the
value of the average working noise level.

use per day (7 x 0.30 = 2,10 h at 90 dBA The effects of the assumed values of the
and 7 x 0.70 = 4.90 h at 95 dBA), a total daily use time cancel, because the same
noise dose of 2.10/8 + 4.90/4 = 1.487 number is wused in the dose evaluation
is obtained. The average working noise calculation and in the determination of
level in this case is that noise level the corresponding permitted durations.
TABLE A-1. - Permissible noise exposures
Duration of exposure Noise Duration of exposure Noise
per day, h level, dBA per day, h level, dBA
Beereoecnnosennsnssanss 90 s 102
Becesssonesscnsessssnns 92 leeeriieeoescncacenoonene 105
bdeeinerncnonnssesssncans 95 O 110
P 97 0.25ceesveeccsnsencanns 115
2 eeeessseanssennnassns 100
NOTE.——Noise levels are measured with a sound level meter set to slow
response, Exposure to continuous levels above 115 dBA is not permitted
by law. Values between those tabulated may be obtained from 1log T =

6.322 - 0.602 SL, where T denotes the exposure duration, h, and SL is the

sound level, dBA.
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